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(57) ABSTRACT

System for controlling the carburetion of an internal com-
bustion engine comprising the following activities: a) start-
ing the engine; b) determining the factor Ao using any
known method; ¢) measuring the ionization current ci,; d)
modifying—from outside—the factor A by a predefined
amount equivalent to AA bringing it to the value A=A _+A,;
e) repeating the measurement of the ionization current ci; f)
calculating the value of the difference of the ionization
current A, ., equivalent to ci,—Ci,; g) repeating operations
d. and e. until the difference between the last value of the
ionization current o, and the second last value ci, ; is
smaller than A_;; where A, is a predefined value which is

assumed to have no influence with respect to the carburetion.

5 Claims, No Drawings
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1
CARBURETION CONTROL SYSTEM

TECHNICAL FIELD

The present invention relates to the control of the carbu-
retion in internal combustion engines.

The expression carburetion is used to indicate the com-
burent (air)/fuel ratio in the mixture supplied to the com-
bustion chamber.

The correct fuel/comburent ratio is essential for the cor-
rect operation of the engine, i.e. giving a desired perfor-
mance thereof, and for reducing the exhaust emissions and
it is always in proximity of, but not exactly, the theoretical
combustion ratio or stoichiometric ratio.

BACKGROUND ART

The parameter used for defining the combustion ratio is
the factor A which measures the excess air with respect to the
stoichiometric ratio; A=1 corresponds to the stoichiometric
ratio, A<1 indicates insufficient air, A>1 indicates excess air.

The problem of controlling carburetion is particularly felt
in small two-stroke engines, for example used for portable
tools in the agricultural and woodlands industry, such as
string trimmers, chainsaws and the like.

In the technical terminology, the expression “rich mix-
ture” is used to indicate a mixture containing an excess
amount of fuel, and the expression “weak mixture” is used
to indicate a mixture containing an insufficient amount of
fuel, where excess or insufficient amounts do not refer to the
stoichiometric ratio, but to the desired correct combustion
ratio compared to the conditions of use of the machine.

In practice the desired correct combustion ratio is never
equivalent to the stoichiometric ratio, though very close
thereto.

Both the maximization of the supplied power and the
minimization of the polluting elements in the exhaust cor-
respond to a correct combustion ratio in the desired condi-
tions of use.

In small two-stroke engines, such as the ones used in
portable tools, like chainsaws, parting tools, string trimmers
or the like, it has been observed an optimal operating range
corresponds to A=0.85-0.95, i.e. a fuel mixture with slight air
deficiency, i.e. a slightly “rich” mixture.

Values of A lower than those indicated lead to a loss of
power and excess exhaust fumes; greater values of A instead
lead to a hazardous overheating of the engine.

Thus, carburetion control is an essential activity for the
sound operation of the internal combustion engine and
several control systems are known.

Systems are known, for example described in document
U.S. Pat. No. 6,029,627, which use the ionization current as
the carburetion control parameter.

The ionization phenomenon starts within the combustion
chamber where, due to the fuel oxidation reaction and due
to the heat generated by the combustion, ions are generated.

In the presence of two differently charged poles arranged
in the combustion chamber there occurs a migration of ions
between the poles, referred to as the ionization current.

The use of the electrodes of the fuel mixture spark plug as
poles is known.

The expression ionization current is used to indicate the
current that passes between the two electrodes measured
from outside.

The systems for measuring the current are known and thus
they will not be described in detail.
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The ionization current depends on several engine opera-
tion parameters and it may be considered as a function of
two significant parameters, like the angular position of the
crankshaft, i.e. the position of the piston in the cylinder, and
the factor A.

The angular position of the crankshaft is indicated by
corresponding the top dead centre to 360°.

The ionization current diagram, as a function of the
degrees of rotation of the drive shaft, has two peaks, the first
due to the ions generated by the oxidation reaction (com-
bustion) of the mixture and the second due to the ions
generated by the amount of heat generated by the combus-
tion.

The first peak always occurs, while the second peak
occurs only when the engine generates a given power; thus
it is not always available.

Said peaks are measured as a function of the degrees of
rotation of the drive shaft, and the value thereof varies also
as a function of A.

For each value of A we will thus have a given curve of the
ionization current as a function of the degrees of rotation of
the engine.

The ionization current diagram as a function of the factor
A has the peak for the value of A close to 0.9 for small
two-stroke engines.

The ideal carburetion occurs at the maximum peak of the
ionization current as a function of the position of the drive
shaft, this peak also varying as a function of A; thus, the
known methods provide for measuring—at each cycle—the
value of the ionization current as a function of the position
of the drive shaft and have a retroactive action on the value
of A to keep the value of the current close to the maximum
value.

This method of operation is however difficult to apply in
practice given that the variations of the value of the ioniza-
tion current from the peak value are so low that they require
very sensitive and sophisticated instruments, that are too
expensive to use in the present field of application.

In document WO 98/37322 measurements are taken of the
ionization signal (the ionization current) internally of the
combustion chamber, and the factor A is adjusted according
to the signal.

The method for adjusting the A uses the identification of
a first and possibly a second peak in the ionization current
and the maximisation of at least one of the peaks according
to the ionizing current.

It can comprise a comparison between the peaks of
current in the various cylinders of the engine.

The factor A is modified by acting either on the butterfly
valve or on the fuel injector.

The analysis of the ionization signal is done at the same
time as the analysis of other significant parameters of the
engine, among which the concentration of O, in the exhaust.

When dealing with small two-stroke engines (page 13
from line 9), the document confirms that the method com-
prises maximizing the first and the second peak of ionization
in all the operating conditions of the motor (page 9, lines 23,
24), or the determining of the value of A at which there is a
misfire detection.

Misfire detection is obtained by progressively weakening
the mixture, up to identifying the value of A that causes it;
the functioning is stabilized thanks to a return to a reason-
ably enriched mixture.

Document W0O2007/042091 describes a method in which
it seems essential to construct, for each cylinder, a A curve
according to the ionization current between the unleashing
of the spark and the end of the ionic phenomenon.
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The document also includes determining (from page 4,
line 15) the value of A on the curve, and a corrective value
of A which varies according to the type of engine and
manufacturer.

The corrective value and the result of the difference
between the value of A registered in the preceding step and
a predetermined registered value of A.

Document W096/05419 comprises a weakening or an
enriching of the mixture up to respectively verifying non-
start-up or piston slap, which parameters are extraneous to
the method of the present invention.

DISCLOSURE OF INVENTION

The object of the present invention is to provide a system
for controlling carburetion that can be easily implemented
without requiring the use of sophisticated apparatus.

Said object is attained by a system having the character-
istics mentioned in the independent claims.

The invention is based on the following principles.

Every engine leaves the factory provided with factory
calibration settings, in which the conditions of use provided
for are the standard conditions to which a given value of A,
to be indicated as A, corresponds.

Thus, the value A, corresponds to the ideal carburetion
desired during calibration.

The actual use of the machine occurs under environmen-
tal, climatic or work conditions that may differ from the
conditions under which the calibration was carried out,
conditions under which the carburetion is no longer the ideal
one. Thus, a new definition of A is required.

According to the invention this occurs without bothering
to maximise the peak of the ionization current, but using the
variation of the ionization current as a function of a slight
increase or decrease (optional) of the value of A.

The variations of the ionization current bear no relation to
the maximum peak of the ionization current, but they are
estimated in absolute value, regardless of the point of the
cycle at which they are read.

The value of A is modified by a predefined amount in one
of the known methods, for example by intervening on the
fuel injection time or on the oxidiser air supply or on any
other available parameters.

The injection time is the preferential but not exclusive
parameter for modifying A.

The value of the ionization current is recorded before
every modification of the value of A.

After modifying the A, if the variation of the ionization
current is comprised in the desired and predefined range, it
means that the carburetion is correct.

The operation is repeated until there occurs a variation
greater than the predefined range between the last and the
second last reading of the ionization current.

At this point the value of A is modified by the predefined
amount but in the opposite sense and the carburetion is
deemed to be ideally adjusted.

The control is repeated at regular intervals or preferably
each time the environmental or meteorological conditions of
use of the machine are deemed modified to a point of
negatively affecting the carburetion.

Performing the control whenever starting the engine is
deemed sufficient.

The advantages as well as the constructional and func-
tional characteristics of the invention will be apparent from
the detailed description that follows, which describes a
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particular preferred embodiment of the invention provided
by way of non-limiting example.

BEST MODE FOR CARRYING OUT THE
INVENTION

First and foremost, it should be observed that to each
value of A there corresponds a value of the percentage of CO
in the exhaust gases, the relation between the two quantities
being illustrated in the table below:

CO %
1 2 3 4 5 6 7 8 9
A 098 094 091 087 0.84 0.8 077 073 0.70

A two-stroke one-cylinder engine having the following
data was used in the example below:

Cylinder capacity 40.2 cc

Maximum speed 10500 rpm
Maximum power 2.1 Hp
Operating speed 8500 rpm

Engine mapping was carried out from the start assuming
use thereof at sea level with an operating temperature of
around 20° C.

A value of A, of 0.8 was adopted in these conditions, to
which corresponds an emission of CO of 6% and an ion-
ization current of ¢i,=0.6 pA.

A variation of the ionization current with respect to the
ionization current relating to the optimal conditions A, <0.1
LA is considered acceptable.

The variation of A set from outside is selected equivalent
to AA=0.05.

The first use of the engine occurred at the altitude of 1500
meters above sea level, with an operating temperature close
to 0° C.

Thus, the carburetion of the engine requires adjustment
which is carried out as follows.

The factor A is modified by a predefined amount equiva-
lent to A,, i.e. from the calibration value A,=x to the value
AM=A+A, .

Then the ionization current is measured, which is ¢i,=0.3
LA, as well as the difference A_, between the values of the
ionization currents (ci;—ciy)=0.3 pA.

If A, is smaller than A, it can be deemed that A,
corresponds to a correct carburetion.

However, in order to, obtain a better regulation of the
carburetion, it is suitable to repeat the operation with values
ofA; , until the difference between the last measured and
the second last measured ionization current (ci,, and ci, ;)
exceeds the value A, .

The second last value I,,_| is restored at this point and this
value is considered correct.

This allows selecting, among acceptable values of A, the
one closest to the rich mixture.

It is clear that if on the first modification of A, obtained a
variation of the ionization current <A, is obtained, the value
of A, is considered correct.

The previously described method can be implemented by
means of electronic measurement devices known to those
skilled in the art.

For example a sensor will be provided that is suitable for
reading the value of the ionization current, as well as a
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microprocessor suitable for calculating the difference A,
between the last two read values, and comparing it with the
value A,

The subsequent use of the engine occurred at sea level,
with operating temperature close to -10° C.

Thus, the engine carburetion requires adjustment, which
is performed as follows.

The factor A is modified by a predefined amount equiva-
lentto A,, i.e. from the value of calibration A,=x to the value
»=0.77.

The ionization current, which is equivalent to ¢i;=0.45 pA
as well as the difference A, between the values of the
ionization current (ci;—ciy)=0.15 pA, is then measured.

If A, is smaller than A, it can be deemed that A,
corresponds to a correct carburetion.

However, in order to obtain a better adjustment of the
carburetion, it is advisable to repeat the operation with
values of A; ,, of up to when the difference between the
last measured and the second last measured ionization
current (ci,, and ci,_,) exceeds the value A,

The second last value A | is restored at this point and this
value is considered the correct value.

This enables selecting, from among acceptable values of
A, the one closest to the rich mixture.

It is understood that the invention is not restricted to the
previously described example and that it may be subjected
to variants and improvements without departing from the
scope of protection of the claims that follow.

The invention claimed is:

1. A system for controlling the carburetion of an internal
combustion engine comprising the following activities:

a. starting the engine;
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b. defining a value A, of a lambda factor A;
c. measuring a value ci, of an ionization current;

d. modifying the lambda factor A by a predefined amount
equivalent to A, thereby changing the lambda factor to
the value A, =h,+A,;

e. repeating the measurement of the ionization current to
get a second value ci, thereof;

f. calculating a value of a difference A, ,; of the ionization
current equivalent to ciy—ci,;

g. repeating operations d. and e., thereby measuring the
ionization current with different values &,  ,, until a
difference between a last value of the ionization current
ci,, and a second to last value of the ionization current
ci, , is smaller than A_,, where A, is a predefined value
which is assumed to have no influence with respect to
the carburetion; and

h. restoring a second to last value A, as the corrected

value.

2. The control system according to claim 1 wherein A is
the value of the lambda factor A of the engine calibrated
according to predetermined factory operating conditions.

3. The control system according to claim 1 wherein ci, is
the value of the ionization current of the engine calibrated
according to predetermined factory operating conditions.

4. The control system according to claim 1 wherein A, is
comprised between 0.6 pA and 0.7 pA.

5. The control system according to claim 1 wherein A is
comprised between 0.8 and 1.

#* #* #* #* #*



